We explored phylogenetic relationships among the twelve lineages of the temperate woody bamboo clade (tribe Arundinarieae) based on plastid genome (plastome) sequence data. A representative sample of 28 taxa was used and maximum parsimony, maximum likelihood and Bayesian inference analyses were conducted to estimate the Arundinarieae phylogeny. All the previously recognized clades of Arundinarieae were supported, with Ampelocalamus calcareus (Clade XI) as sister to the rest of the temperate woody bamboos. Well supported sister relationships between Bergbambos tessellata (Clade I) and Thamnocalamus spathiflorus (Clade VII) and between Kuruna (Clade XII) and Chimonocalmus (Clade III) were revealed by the current study. The plastome topology was tested by taxon removal experiments and alternative hypothesis testing and the results supported the current plastome phylogeny as robust. Neighbornet analyses showed few phylogenetic signal conflicts, but suggested some potentially complex relationships among these taxa. Analyses of morphological character evolution of rhizomes and reproductive structures revealed that pachymorph rhizomes were most likely the ancestral state in Arundinarieae. In contrast leptomorph rhizomes either evolved once with reversions to the pachymorph condition or multiple times in Arundinarieae. Further, pseudospikelets evolved independently at least twice in the Arundinarieae, but the ancestral state is ambiguous.
Introduction
The subfamily Bambusoideae (Poaceae) includes mainly forest grasses that comprise 115 genera and approximately 1480 species (Bamboo Phylogeny Group [BPG], 2012; Clark et al., 2015) . Bambusoideae is classified into two tribes of woody bamboos (the tropical Bambuseae and the temperate Arundinarieae) and one tribe of herbaceous bamboos (the Olyreae). Their distribution includes all continents except Antarctica and Europe (BPG, 2005; Clark et al., 2015) .
The temperate woody bamboos (Arundinarieae) are a diverse clade of 32 genera and ca. 546 species distributed primarily in forests of the northern temperate zone in Asia, but are also found at high elevations in Old World tropical regions (Africa, Madagascar, India and Sri Lanka) Soreng et al., 2015) . These temperate woody bamboo species are recognized by the presence of leptomorph, monopodial rhizomes (pachymorph in some species), basipetal vegetative branch development and tetraploidy (2n=48) (BPG, 2012; Clark et al., 2015) . Even though unequivocal morphological synapomorphies have yet to be identified, monophyly of the temperate woody bamboos is strongly supported in many molecular studies (BPG, 2012; Kelchner et al., 2013; Attigala et al., 2014) .
Arundinarieae is well known for its complex taxonomy . To date, twelve lineages (designated Clades I -XII) have been found in Arundinarieae based on analyses of both plastid and nuclear DNAs analyses, but the relationships among these clades are still not well understood or fully resolved (Triplett and Clark, 2010; Zeng et al., 2010; Yang et al., 2013; Attigala et al., 2014; Ma et al., 2014; Zhang et al., 2016) . In recent years, phylogenomic analyses of plastid genomes (plastomes) have been used to resolve some of the evolutionary questions in Bambusoideae. Zhang et al. (2011) and Wu and Ge (2012) used plastome phylogenomic approaches to understand subfamily level relationships in the BOP clade and found that 4 subfamilies Bambusoideae and Pooideae are sister, while another study suggested that Bambusoideae is sister to the Oryzoideae (as Ehrhartoideae) and Pooideae (Wu et al., 2009 ). Wu et al. (2015 and Wysocki et al. (2015) used plastome phylogenomics to examine tribal level questions in Bambusoideae and found that the plastid signal supports Arundinarieae as sister to Olyreae + Bambuseae. Burke et al. (2012 Burke et al. ( , 2014 used this approach to examine biogeographical questions especially focusing on Arundinaria (Arundinaria applachiana, A. gigantea and A. tecta) (Clade VI of Arundinarieae) and Cryptochloa strictiflora and Olyra latifolia (Olyreae).
They suggested that these New World bamboos accumulated and maintained unique plastome features over time due to biogeographic isolation. Wu et al. (2015) fully characterized the plastome of the woody bamboo Guadua angustifolia to understand plastome evolution within Neotropical-Paleotropical bamboos and found conserved gene content and evolutionary rates between Neotropical and Paleotropical woody bamboos. Further, the divergence estimates of Burke et al. (2012 Burke et al. ( , 2014 and Wu et al. (2015) correlated with major historic climatic changes. Zhang et al. (2016) examined the biogeographical history of Arundinarieae in detail based on six plastid DNA loci. They suggested that the Arundinarieae diversified over an estimated 12 to 14 Mya, followed by rapid radiations especially in the three most diverse lineages: Clades IV (Shibataea clade), V (Phyllostachys clade) and VI (Arundinaria clade), and that these rapid radiations were correlated with the late Miocene intensification of the East Asian monsoons. They also found no evidence that extant Sri Lankan and African temperate bamboo lineages represent early diverging lineages within the Arundinarieae.
Prior to the advent of molecular phylogenetics, traditional classification schemes for the Arundinarieae (whether recognized as a tribe or not) used a combination of reproductive (i.e., conventional spikelets vs. pseudospikelets) and rhizome morphologies (leptomorph vs. 5 pachymorph) as well as stamen number to differentiate temperate woody bamboo genera and to classify them within subtribes (Keng, 1959 (Keng, , 1982a (Keng, , 1982b (Keng, , 1983a (Keng, , 1983b McClure 1966; Zhang, 1992) . More recent non-molecular classifications (e.g., Soderstrom and Ellis, 1987 ) also incorporated anatomical or micromorphological characters. McClure (1966) used the terms "pachymorph" and "leptomorph" to differentiate the two main rhizome systems in bamboos.
Typically seen in clump-forming bamboos, pachymorph rhizomes have a defined neck (short or elongated) lacking roots and axillary buds and a thick rhizome proper bearing roots and axillary buds, which curves upward and terminates in an aerial culm. In contrast, leptomorph rhizomes are characterized by long and slender axes with a single lateral bud and roots at every node, with some buds producing aerial culms. When a branch is produced, a short neck lacking buds and roots is evident. Stapleton (1997) considered only the leptomorph condition to represent "true" rhizomes, and he redefined pachymorph rhizomes as "pachymorph culm bases". Early studies suggested that pachymorph rhizomes with cespitose tillering represented the ancestral condition (Holttum, 1956 (Holttum, , 1958 Soderstrom, 1981; Wen, 1985) . In bamboos, the flower-bearing branches may have very complex structures. Of all the grasses, pseudospikelets (as typically defined) occur only in subfamily Bambusoideae (Kellogg, 2015) . Conventional grass spikelets not only lack the subtending bract, prophyll and bud-bearing bracts (gemmiparous bracts) at their base, but also remain as a single unit as they mature, and all spikelets mature at more or less the same time. In contrast, each primary pseudospikelet usually develops into a tuft of pseudospikelets, with up to four or five orders of branching, as the basal buds start to produce higher order pseudospikelets.
Based on rhizome types and reproductive structures, the taxa within the currently recognized Arundinarieae were traditionally classified into three subtribes, the Arundinariinae, 6 Shibataeinae and Thamnocalaminae (Zhang, 1992; BPG, 2012 . However, several molecular studies unambiguously demonstrated the polyphyly of all three subtribes and thus caused the traditional classifications to be disregarded (Triplett and Clark, 2010; Zeng et al., 2010) . Nevertheless, the evolution of these morphological characters has not been rigorously examined in a phylogenetic context, even though these are still used at the generic level in the Arundinarieae.
Although plastid sequences have been widely utilized for phylogenetic analyses, full plastome sequencing can be essential for resolving complex evolutionary relationships (Jansen et al., 2007; Parks et al., 2009; Moore et al., 2010) . Further, genome-scale phylogenetic studies or plastome phylogenomics provide strong support and improved resolution compared to traditional multi-locus plastid phylogenies Duvall et al. 2010; Wu and Ge 2012; Zhang et al. 2011) . With the inclusion of a representative sampling of full plastomes from all 12 lineages of Arundinarieae, the current study offers a comprehensive taxonomic and plastome character sampling. The primary objectives of the current study were to (1) understand the relationships among the twelve Arundinarieae lineages based on complete plastome sequences and (2) examine the evolution of some of the taxonomically important morphological characters (i.e., rhizomes and reproductive structures).
Material and methods

Taxon sampling and outgroup selection
Twenty eight species were selected for phylogenomic analysis, representing all twelve lineages in the Arundinarieae. Sixteen complete plastome sequences and one partial plastome (Indocalamus sinicus) were downloaded from the NCBI GenBank data base 7 (http://www.ncbi.nlm.nih.gov/genbank/) and 11 plastomes were newly generated during the current study. Initial total genomic DNA concentrations were measured using the Qubit fluorometric quantitation system (Life Technologies, Grand Island, NY, USA) and were diluted to 2.5 ng/μl in 20 μl water. The Nextera Illumina library preparation kit (Illumina, San Diego, CA, USA) was used to prepare libraries for sequencing and the DNA Clean and Concentrator kit (Zymo Research, Irvine, CA, USA) was used for library sample purification. Sequencing was performed on a HiSeq 2000 (Illumina, San Diego, CA, USA) using single reads at the Iowa State University DNA Sequencing Facility, Ames, IA, USA. The reads generated by this method were approximately 100 bp in length.
SolexaQA software package's DynamicTrim v2.1 (Cox et al., 2010) was used with default settings to trim lower quality nucleotides from the ends of each read and the short 8 fragments [< 25 bp in length (default setting)] were removed with LengthSort v2.1 in the same package.
Assembly and alignment of plastomes
A de novo method was used to assemble seven of the complete plastomes. The Velvet software package was run iteratively similar to methods described in Wysocki et al. (2014) . Any remaining gaps in the plastomes were determined using contigs or reads by locating overlapping regions of at least 20 bp until the circular map was complete with no gaps or ambiguities. Four plastomes (Kuruna debilis, K. densifolia, Melocanna baccifera, Pleioblastus hindsii) could not be fully sequenced due to low coverage. These were assembled using a reference-based method in which reads were mapped to a closely-related reference plastome, a consensus region was extracted, and ambiguous regions were manually repaired. Bambusa bambos was used as a reference plastome for the M. baccifera assembly and A. gigantea was used as a reference plastome for the remaining taxa. Regions that could not be assembled were scored as "N"s.
Because of the presence of ambiguous regions around the IR-single copy boundaries, plastomes from K. debilis, K. densifolia, and P. hindsii were banked with one IR region. However, a second inverted repeat region was estimated using the reference plastome and added to downstream analyses. The length of each ambiguous site was determined using a reference plastome. All 28 genome sequences were aligned with MAFFT V7.017 (Katoh et al., 2005) . The alignments were checked manually and poorly aligned regions were adjusted manually. Nucleotide positions that contained one or more gaps introduced by the alignments were removed from the matrix and one of the inverted repeat regions was removed. 
Plastome phylogenomic analysis of Arundinarieae
Plastome sequences were analyzed using maximum parsimony (MP) with PAUP* 4.0b10 (Swofford, 2002) , maximum likelihood (ML) with RAxML version 8.0.X (Stamatakis, 2006) and Bayesian inference (BI) with MrBayes 3.2 (Huelsenbeck and Ronquist, 2001; Ronquist et al., 2003; Ronquist et al., 2011) . MP analysis was performed with 1000 random addition sequences, and tree bisection-reconnection (TBR) branch swapping. A full heuristic bootstrap was conducted for MP with 1000 bootstrap replicates, each with 100 random addition sequence replicates, to assess the relative support for each node. Akaike information criterion (AIC) calculations, implemented in jModelTest 0.1 (Guindon and Gascuel, 2003; Posada, 2008) , were used to select the appropriate model of sequence evolution for the plastome dataset. The general time-reversible model of DNA sequence evolution with invariant sites and gamma-distributed rate heterogeneity (GTR+I+G) was among a group of equally best fit models. Hence the GTR+I+G model was used in the ML analysis. ML analysis was conducted by rapid bootstrap (1000 replicates) analysis and searching for the best-scoring ML Tree. BI was conducted with flat priors. The Markov chain Monte-Carlo algorithm was executed for four chains of 10,000,000 generations per run, sampling every 2,000 generations, and a chain-heating temperature of 0.2; this entire procedure was conducted twice. Posterior probabilities (PP) were analyzed after a burn-in of 1,000,000 trees and then the remaining samples were summarized and a majority-rule consensus tree was constructed.
When assessing branch support in the resultant phylogeny, the threshold value for the bootstrap criterion for both MP and ML was 70% and posterior probability measure for BI was 0.95 (Mason-Gamer and Kellogg 1996 , Wilcox et al. 2002 . Support values at each node fell into four categories: strong support, moderate support, low support and lacking support. If MPBS and 10 MLBS were both above 90% and BI was 1.00 that was considered as strong support. It was considered moderate support if the MPBS and MLBS were 80%-89 % and BI was 0.99. If the MPBS and MLBS were 70%-79% and BI was 0.95-0.98, it was considered as a low level of support. Values less than 70% MP Bootstrap (MPBS)/ML Bootstrap (MLBS) and less than 0.95 PP were considered to be lacking support.
Taxon removal experiments
To test if there were any potential errors caused by long branch attraction (LBA), taxon removal experiments were performed (Kelchner et al., 2013) . Especially to test if outgroup selection affected the topology of our ingroup, ML (model: GTR + I + G) analyses were conducted for each of five subset datasets that were created by removing 1) only Pooideae taxa, 2) Pooideae and Olyreae taxa, 3) Pooideae and Bambuseae taxa, 4) Bambuseae and Olyreae taxa, and 5) all outgroup taxa. The ML topology from each analysis was compared with the original plastome tree topology for changes in relationships among the remaining taxa.
Alternate hypothesis testing
We tested whether the plastome dataset provided sufficient evidence to reject particular hypotheses of relationships suggested by previous studies (e.g., monophyly of the Arundinaria clade plus the Phyllostachys clade, monophyly of the Kuruna clade plus Bergbambos, the sister relationship of the Kuruna clade to the rest of the temperate woody bamboo clades, etc.) ( Table   2 ). Constraint trees were generated in MacClade 4.08 (Maddison and Maddison, 2005) by forcing test groups to be monophyletic or sister, but otherwise allowing taxa to "float," and ML analyses were performed in RAxML version 8.0.X (Stamatakis, 2006) using each constraint in turn. The Shimodaira-Hasegawa (SH) test (Shimodaira and Hasegawa, 1999) as implemented in 11 RAxML version 8.0.X was then used to test the significance of differences in tree statistics among different topologies in comparison with the ML plastome data tree topology.
Network Analysis
As another means of visualizing the signal in the dataset and to evaluate possible phylogenetic signal conflicts, neighbor-net analysis was performed with SplitsTree4 v. 4.13.1 (Huson and Bryant, 2006) and all the outgroup taxa were excluded to better show character conflicts between ingroup taxa.
Morphological character optimization
A matrix of morphological character states was generated for each taxon for rhizome types and reproductive structures based on herbarium specimens (ISC, K, MO, US) and published literature (Soderstrom and Ellis, 1988; Clayton et al., 2006 onwards; Li et al., 2006; Attigala et al., 2014) . The two main forms of rhizomes seen in Bambusoideae are leptomorph and pachymorph (McClure, 1966) . For the purpose of character state coding, leptomorph and pachymorph rhizomes were scored as 0 and 1 respectively, without considering any tillering or neck length variation. The two main forms of reproductive structures seen in Bambusoideae are conventional spikelets and pseudospikelets. A conventional grass spikelet bears two empty proximal glumes and one to many distal florets. However, pseudospikelets are complex structures typically consisting of a subtending bract, a prophyll, one or more gemmiparous bracts, 0 to a few empty bracts (glumes) and the spikelet proper (Judziewicz et al., 1999; Tyrrell et al., 2012) . Absence of pseudospikelets (= presence of conventional spikelets) was scored as 0 while pseudospikelets lacking only subtending bracts were referred as incomplete pseudospikelets and scored as 1. Pseudospikelets with all of the requisite structures were 12 considered to be complete pseudospikelets and scored as 2 (Supplementary material: Appendix).
With the use of the "Trace character history" option, a simple ancestral character state reconstruction was performed with the parsimony ancestral states method in Mesquite V 2.75 (Maddison and Maddison, 2011) . Both rhizome types and reproductive structures were then optimized on the phylogenetic tree topology obtained from the plastome data.
Results
New genome assembly and alignment of plastomes
Eleven temperate woody bamboo plastomes were newly generated during the current study. Total length and lengths of the plastome regions are reported in Table 1 The multiple sequence alignment of all 28 species (including both newly generated and previously published plastomes) after excluding one of the inverted repeat (IR) regions was 127,241 bp. Removal of alignment columns with gaps reduced the alignment length to 99,853 bp. Of the total aligned length, 87.27% of the sites were invariable; of the 12,710 (12.73%) variable sites, 4,773 (4.78%) were parsimony informative.
Plastome Phylogenomic analyses
The MP analysis resulted in a single most parsimonious tree with a length of 16,410 
LBA and alternative hypothesis testing
All five taxon removal experiments performed to test for potential LBA resulted in tree topologies completely congruent to the original plastome tree topology regardless of the outgroup taxa (topologies not shown).
Results of the SH test are summarized in Table 2 . Based on the SH test, our data reject the monophyly of the following: Clades V + VII (Phyllostachys + Thamnocalamus), Clades I + XII (Bergbambos + Kuruna), Clades VII + XII (Thamnocalamus + Kuruna), Clades I + II (Bergbambos + African alpine bamboos) and Clades XII + VII + I + II (Kuruna + Thamnocalamus + Bergbambos + African alpine bamboos). Our data also reject the sister relationship of the Kuruna clade (Clade XII) to the remaining Arundinarieae. Thus, all these alternative hypotheses generated were significantly less plausible (p < 0.01) compared to the original ML tree topology.
Network analysis
The neighbor-net analysis recovered the twelve lineages with the exception of showing some character conflicts between the species with missing data in Clades X (Indocalamus sinicus) and XII (Kuruna) (Fig. 2) . Furthermore, some character conflicts were visible between Acidosasa purpurea and Pleioblastus hindsii. Except for these two sets of character conflicts, the other relationships are tree-like and represented all the lineages in the tribe (Fig. 2) . (Fig. 3A) . (Fig. 3B ).
Morphological character mapping
Discussion
Plastome phylogenomics
The newly assembled plastome sequence lengths were very similar to previously published plastid genomes of temperate woody bamboos (Zhang et al., 2011; Ma et al., 2014; Wysocki et al., 2015) . The high percentage (87.27%) of invariable sites indicates the low level of sequence variability in temperate woody bamboo plastomes.
The MP phylogeny was mostly congruent with the ML and BI phylogenies with a few exceptions ( Fig. 1) and less resolved than the ML and BI analyses. Maximum support for the monophyly of the subfamily Bambusoideae and the tribes Arundinarieae, Bambuseae and
Olyreae retrieved in the current study confirm the strong support for these lineages identified in 16 previous studies (Kelchner et al., 2013; Ma et al., 2014; Wu at al., 2015; Wysocki et al., 2015; Zhang et al., 2016) . Notably, the current study supports the paraphyly of the woody bamboo syndrome as noted in Wysocki et al. (2015) . However, the maternally inherited plastome provides only a part of the evolutionary signal .
To our knowledge, this is the first study to include all 12 lineages of the Arundinarieae in a phylogenetic analysis using complete plastome sequences. This study also resolved the backbone of Arundinarieae with greater support compared to other recent studies (Ma et al., 2014; Zhang et al., 2016) . Ma et al. (2014) Ma et al. (2014) . Further, we confirmed the identity of our vouchers of T. spathiflorus (LC 1319) and B. tessellata (LC 1318) . Also, since the Illumina sequencing of these 18 two species were performed in two different runs we are certain that the samples were not mixed up or contaminated. We also note that we used material from the same voucher for T. spathiflorus as was used by Triplett and Clark (2010) , in which this species was resolved within Clade V based on either four-or twelve-region plastid datasets. Since T. spathiflorus has a few subspecies (T. spathiflorus subsp. aristatus, T. spathiflorus subsp. nepalensis, T. spathiflorus.
subsp. occidentalis, T. spathiflorus subsp. spathiflorus) and a few varieties (T. spathiflorus var. (Stapleton, 1994) , they could be easily misidentified and that could be a potential reason for these discrepancies between studies.
bhutanensis, T. spathiflorus var. crassinodus, T. spathiflorus var. spathiflorus)
The well supported sister relationship between B. tessellata and T. spathiflorus in our study is consistent with the previous classification of B. tessellata as T. tessellatus, although a thorough investigation of these two genera using low-copy nuclear markers and morphological analysis, combined with careful collection and determination of the vouchers, is needed before any further taxonomic changes are proposed.
Taxon removal experiments
One of the most common manifestations of LBA is that distantly related outgroups have a biased attraction to long branches within the ingroups (Sullivan and Swofford, 1997; Lin et al., 2002; Graham et al., 2002; Bergsten, 2005) . Thus, a common suggestion is to conduct the phylogenetic analyses both with and without outgroups to compare whether the inclusion of distantly related outgroups changes the ingroup topology. The outgroup taxon removal approach we used resulted in no changes to the ingroup tree topology of the plastome data, indicating that the plastome tree topology probably was not affected by LBA, but this was also expected due to the relatively short branches within Arundinarieae. 
Alternative tree topologies
The alternative hypotheses we tested were selected for various reasons. Monophyly of Clade V + Clade VII was recovered by Ma et al. (2014) with moderate support from MP and ML (88% and 85% respectively) while BI support was high (1.00 PP) in their complete plastome phylogeny. Thus, we tested this relationship with our plastome dataset. The hypothesis that Clade XII is sister to the rest of the Arundinarieae came from a previous suggestion by Triplett and Clark (2010) that the Sri Lankan Kuruna species could be the early diverging lineage of Arundinarieae. In addition, a recent study of Arundinarieae based on five plastid markers could not reject the monophyly of Clade XII + Clade I (Attigala et al., 2014 ) and thus we tested it as an alternative hypothesis. Further, clade origin due to close geographical proximity was also tested, e.g., all the Sri Lankan and Indian taxa form a clade (Clade XII + Clade VII) or the African species form a clade (Clade I + Clade II). Though there are currently several clades in Arundinarieae that represent the Indian, Sri Lankan, African and Madagascan temperate woody bamboo species, traditionally these taxa were all classified in the currently recognized genus
Arundinaria. Thus, we tested the alternative hypothesis of the monophyly of Clades XII + VII + II + I. The SH test rejected all the alternative hypotheses suggesting that our plastome tree topology was robust and the relationships among the lineages within Bambusoideae were better represented by the current tree topology.
Network analysis
The neighbor-net analyses agreed with the tree topologies. The evidence of character conflict among Acidosasa purpurea and Pleioblastus hindsii in the plastome neighbor-net analysis could be due to several possible causes such as unstable conditions generated by heteroplasmy that arose through independent mutations in the plastid genome or through 20 biparental inheritance of plastomes, due to haplotype polymorphism (Wolfe and Randle, 2004) or some potential amplification, sequencing, assembling artifacts or missing data (in P. hindsii).
We also postulate that the character conflict among Clades X and XII could be due to missing data.
Morphological character evolution
Despite the recognition of 12 lineages within the Arundinarieae, little work has been done on morphological evolution in the tribe due in large measure to the lack of resolution among these lineages in previous studies. Rhizomes and pseudospikelets are two of the least well understood morphological traits in bamboos. Few rigorous discussions of rhizome structure are available (Rivière and Rivière, 1879; McClure, 1966; Stapleton, 1997) ; lack of study of rhizome structure is likely due to the fact that rhizomes are almost entirely or wholly underground and very difficult to unearth due to the size of the plants. Similarly, detailed study of pseudospikelets has been limited in part due to the intermittent flowering cycles of woody bamboos and in part due to the complex nature of these structures (McClure, 1966) . These two characters therefore rarely have been examined in an evolutionary context. Of the 32 genera recognized within Arundinarieae (Kellogg 2015; Soreng et al. 2015) , we sampled species from 16 (50%) ( Table 3) . However, since we included only 28 of the 546 species within Arundinarieae, the species-level representation is only ca. 5%. Within the two largest clades, the Phyllostachys clade (Clade V) and the Arundinaria clade (Clade VI), the presence of leptomorph rhizomes as a percentage of the genera is 50% and 100% while at the species level it is 36% and 100% respectively. Clades IV, VIII and X are 100% leptomorph, as are the currently unplaced Vietnamocalamus and the two genera of hybrid origin (×Phyllosasa Chusquea possess conventional spikelets .
The current study supports pachymorph rhizomes as the ancestral condition in Arundinarieae. Both Bambuseae and Olyreae are pachymorph (acknowledging that no species of Chusquea with amphimorph/leptomorph rhizomes were sampled) while Arundinarieae include both pachymorph and leptomorph taxa (Fig. 3A) . Ampelocalamus calcareus clearly has pachymorph rhizomes, but within the remainder of the Arundinarieae, the situation is more complex and will require additional sampling to resolve. Leptomorph rhizomes originated once in the group comprising Clades VI, VIII and IV according to our sampling, and all bamboos classified in the genera assigned to these clades are leptomorph (Li et al., 2006) . The clade comprising Clades III, XII, II and IX is uniformly pachymorph, both in our sampling and in all members otherwise assigned to these clades (Attigala et al., 2014) The character optimization of reproductive structures did not allow an unambiguous inference of the ancestral state in the Arundinarieae (Fig. 3B ) due to the absence of known flowering material for Ampelocalamus calcareus. But based on the sampling analyzed here, we conclude that pseudospikelets evolved independently twice in the evolutionary history of Arundinarieae, regardless of the condition in Ampelocalamus calcareus. However, even though the taxa of the Arundinaria clade (Clade VI) that we sampled all have conventional spikelets, the presence of pseudospikelets is reported in Clade VI (Clayton et al., 2006 onwards; Li et al., 2006) and inclusion of those taxa in future analyses clearly would affect inferences regarding the evolution of reproductive structures in this tribe.
There is a potential explanation for the presence of incomplete pseudospikelets in Shibataea kumasaca of the Shibataea clade (Clade IV) that could be tested. Triplett and Clark (pers. comm.) speculate that the genus Shibataea may have an origin through hybridization, probably involving Phyllostachys, which was subsequently masked by introgression. Thus, the presence of incomplete pseudospikelets in Shibataea kumasaca could have been inherited from its progenitors, one of which (Phyllostachys) had pseudospikelets and one of which (a member of Clade IV) had conventional spikelets. Similarly, it is possible that the pseudospikelet morphologies observed in ×Phyllosasa and Semiarundinaria may be derived from hybridization between one parent with a complete pseudospikelet and one parent with conventional spikelets.
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Conclusions
We investigated phylogenetic relationships of the 12 previously recognized lineages within tribe Arundinarieae of Bambusoideae using whole plastome sequence data and obtained a fully resolved phylogeny. Clade XI (Ampelocalamus calcareus) was strongly supported as sister to the remaining Arundinarieae, consistent with other recent analyses, and Clade XII (Kuruna), previously suggested as one of the potential early diverging lineages, was resolved as sister to Clade III (Chimonocalmus) with strong support. Competing alternative hypotheses suggested by different previous studies regarding relationships among the lineages of Arundinarieae were all shown to be less plausible when inferred from the plastome sequence matrix. Further, based on the analyses of morphological character evolution, we inferred that pachymorph rhizomes are the ancestral condition while leptomorph rhizomes either evolved once with reversions to the pachymorph condition or possibly multiple times within Arundinarieae. Pseudospikelets evolved independently a minimum of two times during the evolutionary history of Arundinarieae, but further analyses including more taxa from Clades V and VI are required to understand the origin and evolution of the different components of floral morphology.
The addition of plastomes from more taxa will likely provide additional insights into the evolutionary history of this economically and ecologically important tribe of woody bamboos, but plastomes provide only a maternally inherited signal. Previous studies have revealed complex relationships among Arundinarieae clades, with possible causes including intergeneric hybridization and reticulate evolution, rapid radiation, convergent evolution, and incomplete lineage sorting (Triplett and Clark 2010; Zeng et al. 2010; Zhang et al., 2012; Yang et al., 2013; Attigala et al., 2014; Ma et al., 2014; Triplett et al., 2014) . We suggest that further studies utilizing bi-parentally inherited low-copy nuclear markers are needed to continue developing our 25 understanding the complicated evolutionary history of the Arundinarieae, with particular emphasis on the impact of hybridization events. 
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